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(54) POSITIVE ELECTRODE ACTIVE MATERIAL FOR NON-AQUEOUS ELECTROLYTE 
SECONDARY BATTERY AND BATTERY USING THE SAME 



(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive electrode 
active material for a non-aqueous electrolyte secondary battery 
and a non- aqueous electrolyte secondary battery using the 
same which is excellent in discharge capacity at a high load. 
SOLUTION: This is a positive electrode active material for 
non-aqueous electrolyte secondary battery, which is comprised 
of secondary particles of fine primary particles of lithium 
cobalt oxide as expressed in substance in the general formula 
LiCo02 having coagulated in many quantity and, in which the 
secondary particles have many fine gaps where the electrolyte 
can infiltrate, and further in which the lithium cobalt oxide 
having a tap density of 2.2 g/cm3 or more is used. And it is 
desirable that at least a part of the above fine primary particles 
are arranged in radiation toward outside from the center of the 
secondary particles, and that there exists a gap between the 
fine primary particles also arranged in radiation adjoining the 
fine primary particles and the above fine primary particles in 
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radiation, and further, that at least a part of the fine primary 

particles mutually composing the above secondary particles ^ i± in 

are connected each other by sintering. And also it is desirable 

that the configurations of the secondary particles are spherical or elliptic spheroidal. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l]It consists of an aggregated particle which many minute primary particles of cobalt acid 
lithium substantially expressed with general formula LiCo0 2 condensed, And it is the positive active 

material for nonaqueous electrolyte secondary cells using cobalt acid lithium whose tap density it has 
many minute crevices in which an electrolysis solution may permeate this aggregated particle, and is 
more than 2.2 g/cm 3 further, Positive active material for nonaqueous electrolyte secondary cells having a 
crevice between a minute primary particle with which it ranked with radiately and said at least a part of 
minute primary particle was radiately located in a line toward a method of outside from the center of an 
aggregated particle, and an adjoining minute primary particle similarly radiately located in a line. 
[Claim 2]The positive active material for nonaqueous electrolyte secondary cells according to claim 1, 
wherein at least a part of mutual minute primary particle which constitutes said aggregated particle has 
joined by sintering. 

[Claim 3]that shape of said aggregated particle is spherical, or an ellipse ~ the positive active material 
for nonaqueous electrolyte secondary cells according to claim 1 or 2 characterized by a spherical thing. 
[Claim 4]Positive active material for nonaqueous electrolyte secondary cells of claim 1-3, wherein mean 
particle diameter of said aggregated particle is 30 micrometers or less in not less than 2 micrometers 
given in any 1 paragraph. 

[Claim 5]Positive active material for nonaqueous electrolyte secondary batteries of claim 1-4, wherein 
mean particle diameter of said primary particle is 10 micrometers or less in 0.4 micrometers or more 
given in any 1 paragraph. 

[Claim 6]A nonaqueous electrolyte secondary cell making positive active material of claim 1-5 given in 
any 1 paragraph into a component. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is a thing about the positive active material of the nonaqueous 
electrolyte secondary cell using the carbon etc. which can carry out occlusion of a lithium metal, a 
lithium alloy, or the lithium to a negative electrode, It is related with the nonaqueous electrolyte 
secondary cell using the positive active material for nonaqueous electrolyte secondary cells and this 
positive active material which improved the service capacity at the time of the heavy load of a cell 
especially. 
[0002] 

[Description of the Prior Art] In recent years, development of a rechargeable battery with the high 
capacity which has small size and a lightweight and high energy density is strongly desired with the 
spread of portable devices, such as a cellular phone and a notebook sized personal computer. There is a 
rechargeable lithium-ion battery which uses a lithium metal, a lithium alloy, or carbon as a negative 
electrode as such a thing, and the present research and development are done briskly. And since 4V class 
high voltage is obtained, the rechargeable lithium-ion battery which used for positive active material 
cobalt acid lithium (LiCo0 2 ) in which composition is comparatively easy is expected as a cell with high 

energy density, and is put in practical use widely. 

[000 3] However, the amounts of conducting agents, such as raising the tap density of positive active 
material to the demand of the latest, further high-capacity-izing and high-current-izing and carbon mixed 
with positive active material, were reduced, and a measure, such as increasing positive active material 
substantially, has been needed. 
[0004] 

[Problem(s) to be Solved by the Invention] Usually, lithium salt [, for example like lithium carbonate ] 
whose LiCo0 2 is, Carry out specified quantity mixing of a cobalt compound like cobalt carbonate, and 

calcinate at the temperature up to 600 ** - 1 100 **, or For example, (JP, 1-304664, A), Or it is obtained 
by what (JP,9-283144,A) specified quantity mixing is carried out and lithium carbonate and tricobalt 
tetroxide whose mean particle diameter is 2 micrometers - 25 micrometers are calcinated for at 800 ** - 
900 **, and is a thing. 

[0005]However, there was a problem of pack density not going up by the conventional LiCo0 2 , or 
service capacity and the capacity at the time of a heavy load falling, if the quantity of a conducting agent 
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is reduced. In order to solve such a problem, much minute crystals of cobalt acid lithium condense. The 
spherical positive active material for nonaqueous electrolyte secondary cells which is, carries out and 
consists of an ellipse ball-like aggregated particle is proposed (Poster Abstracts of 9 th International 
Meeting on Lithium Batteries). II Thur56-1998. 

[0006]Although it was an outstanding material with tap density high [ the positive active material which 
surely was described above ], and high service capacity at the time of the usual load, the improvement of 
the service capacity at the time of a heavy load was not yet enough. 

[0007]The place which this invention aims at solution of the problem about the above-mentioned 
conventional positive active material, and is made into the purpose is providing the nonaqueous 
electrolyte secondary cell using the positive active material for nonaqueous electrolytic solution 
secondary batteries and this positive active material excellent in the service capacity at the time of a 
heavy load. 
[0008] 

[Means for Solving the Problem] As a cause that capacity at the time of a heavy load is insufficient, the 
primary particles which constitute an aggregated particle join this invention persons of each other 
densely, and an electrolysis solution does not fully permeate an inside of an aggregated particle at the 
time of charge discharge, It becomes impossible for a lithium ion to follow in footsteps of current at the 
time of a heavy load enough as a result, and a point that capacity does not improve is noted, As a result 
of examining further wholeheartedly a crevice between a size of a primary particle of positive active 
material, shape and a size of an aggregated particle in which minute primary particles gathered, shape, 
and a primary particle, etc., by controlling these factors with high capacity. And it finds out that positive 
active material with good service capacity at the time of a heavy load is obtained, and came to complete 
this invention. 

[0009]Namely, positive active material for nonaqueous electrolyte secondary cells concerning the 1st 
embodiment of this invention, It consists of an aggregated particle which many minute primary particles 
of cobalt acid lithium substantially expressed with general formula LiCo0 2 condensed, And it is the 

positive active material for nonaqueous electrolyte secondary cells using cobalt acid lithium whose tap 
density it has many minute crevices in which an electrolysis solution may permeate this aggregated 
particle, and is more than 2.2 g/cm 3 , It has a crevice between a minute primary particle with which it 
ranked with radiately and said at least a part of minute primary particle was radiately located in a line 
toward a method of outside from the center of an aggregated particle, and an adjoining minute primary 
particle similarly radiately located in a line, and that shape of this aggregated particle is spherical or an 
ellipse in which it is preferred that at least a part of mutual minute primary particle which constitutes 
said aggregated particle has joined by sintering — a spherical thing is preferred. Furthermore, mean 
particle diameter of said aggregated particle is 30 micrometers or less in not less than 2 micrometers, 
and, as for mean particle diameter of this primary particle, it is preferred that it is 10 micrometers or less 
in 0.4 micrometers or more. An effect also with what [ same ] replaced less than 40 mol % of cobalt with 
metal other than cobalt can be acquired. 

[00 10] A nonaqueous electrolyte secondary cell built over the 2nd embodiment of this invention next 

made a component positive active material concerning said 1st embodiment. 

[0011] 

[Embodiment of the Invention] According to the positive active material for nonaqueous electrolyte 
secondary cells concerning this invention, at least a part of primary particle which constitutes the 
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aggregated particle is radiately located in a line toward the method of outside from the center of an 
aggregated particle, And since it is constituted so that it may have a crevice between the minute primary 
particles which adjoin the minute crystals radiately located in a line and which were similarly radiately 
located in a line, Since an electrolysis solution permeates the inside of an aggregated particle efficiently 
and the minute primary particle of the positive active material inside an aggregated particle is contacted 
enough, the discharge characteristic at the time of a heavy load can be made good. 
[00 12] And the reason for having made mean particle diameter of the minute primary particle into the 
range of 0.4 micrometer - 10 micrometers in this invention is that the decomposition reaction of an 
electrolysis solution is promoted and trouble comes out at the safety of a rechargeable battery in less 
than 0.4 micrometer, and is because the service capacity at the time of a heavy load will fall if it exceeds 
10 micrometers on the other hand. Why the mean particle diameter of the aggregated particle was 
furthermore 2 micrometers - 30 micrometers, It is because problems, like spreading nature is inferior 
will arise when producing an electrode if the quantity of a conducting agent required in order for less 
than 2 micrometers not to cover the expenses of tap density and to give conductivity increases and the 
mean particle diameter of an aggregated particle exceeds 30 micrometers on the other hand. 
[00 13] Although said minute primary particle itself is a particle, spherical or the thing for which positive 
active material is formed by an ellipse ball-like aggregated particle which mutual [ these ] join by 
sintering in part at least, and is in within the limits whose mean particle diameter is 2 micrometers - 30 
micrometers is preferred. The reason which both minute primary particles joined by sintering in part at 
least and which it was spherical or was made into the ellipse ball-like aggregated particle is because it 
becomes possible to be able to raise electric conductivity by this, to reduce the quantity of a required 
conducting agent and to raise pack density. 

[0014]the shape of an aggregated particle ~ spherical or an ellipse ~ tap density more than 2.2 g/cm 3 
cannot be obtained, and the reason made spherical is inferior [ service capacity ], when it is considered 
as the shape of infinite forms other than these. 
[0015] 

[Example] This invention is explained in detail with an example and a comparative example below. 
Since each tap density of the positive active material obtained by the following examples and 
comparative examples was more than 2.2 g/cm 3 , reference is not made especially individually. 
[00 16] [EXAMPLE] The aggregated particle was almost spherical, after mean particle diameter carried 
out specified quantity mixing of basic cobalt carbonate and lithium carbonate which are 2 micrometers - 
30 micrometers, it calcinated at 900 ** among the air for 10 hours, and the aggregated particle of cobalt 
acid lithium was obtained. 

[00 17] When a small quantity was sampled out of the obtained particles and the surface of the aggregated 
particle was observed by 5000 times with the scanning electron microscope (SEM), it had become the 
almost spherical aggregated particle which many primary particles whose mean particle diameter is 0.4 
micrometer - about 5 micrometers condensed. Furthermore, the opening of a large number (0.2 
micrometer - about 2 micrometers) as shown in the SEM photograph of drawing 1 was observed in this 
aggregated particle. 

[00 18] When the magnification of SEM was increased 15000 times and observed next, it has checked 
that the part had joined both the primary particles that constitute the aggregated particle by sintering, 
respectively. And after embedding the aggregated particle of a small amount of cobalt acid lithium at an 
epoxy resin, the microtome cutting machine which has a diamond cutter cut the aggregated particle, and 
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the aggregated particle section was exposed. When the exposed section was observed by 2000 times by 
SEM like the above, the minute primary particle which constitutes the aggregated particle as shown in 
the SEM photograph of drawing 2 was able to check the organization which has a crevice between the 
minute primary particles which are radiately located in a line and adjoin, and which were similarly 
radiately located in a line. 

[0019]The electrochemical measuring apparatus of the single particle based on a report 
(electrochemistry, Vol.65, 954 (1997)) of Uchida and others performed measurement of the service 
capacity at the time of the heavy load of the obtained cobalt-acid-lithium aggregated particle. If this 
measuring device is used, aggregated particle independent evaluation will be attained without being 
influenced by conducting agent, a binder, etc. As shown in drawing 3 , using a two divided up and down 
with glass filter room type cell, said measuring device lays the aggregated particle 1 of cobalt acid 
lithium on the glass filter 5, and sets a cell to the observation stand of the optical microscope 2. The tip 
of the micro lead electrode 3 (Pt/Rh small-gage wire 25 micrometers in diameter) attached to the 
micromanipulator 4 was contacted to the particles 1, checking the aggregated particle 1 with the image 
of the CCD camera attached to this optical microscope. 

[0020]on the other hand - the electrolysis solution 6 ~ 1 M-LiC10 4 / ethylene carbonate (EC)-G ethyl 

carbonate (DEC) (1:1) mixed solution ~ the lithium metal was used for the counter electrode 7. This 
measuring device was performed in the dry box which passed dew point-60 ** dry air in order to 
prevent mixing of the moisture out of the atmosphere. Using the PONTESHO stat 8 for micro current, at 
the time of charge, constant current was sent so that the potential of the micro lead electrode 3 to the 
counter electrode 7 of a lithium metal might be set to 4.3 V in 1 hour, and it set it to 1C of the aggregated 
particle which has measured the current value. Discharge was passed until the potential of the micro lead 
electrode 3 to the counter electrode 7 was set to 3.0V with the predetermined constant current value, and 
it made service capacity quantity of electricity which flowed then. On the basis of the current value at 
the time of charge, if it was 5 times the predetermined current value of this, for example and was it, it 
was set to 10C etc. [ of this ] [ 5C and 10 times ] 

[0021]And the example of a charge-and-discharge profile of the independent aggregated particle of the 
positive active material obtained by the example of this invention is shown in drawing 4 , and drawing 4 
(a) is the example of a charge-and-discharge profile from which the charge 1C, the discharge 10C, and 
drawing 4 (b) were obtained by the charge 1C and the discharge 20C. According to the example of this 
invention, also in the heavy load of the discharge 20C, excess voltage is very small and the discharge 
characteristic was good as drawing 4 showed. 

[0022] [Comparative example] The aggregated particle was almost spherical, after mean particle 
diameter heated beforehand basic cobalt carbonate which is 2-30 micrometers in the air in 850 ** and 4 
hours, it mixed with lithium carbonate of the specified quantity, it calcinated at 900 ** among the air for 
10 hours, and the aggregated particle of cobalt acid lithium was obtained. 

[0023]When a small quantity was sampled out of the obtained particles and the surface of the aggregated 
particle was observed by SEM at 5000 times, it had become the almost spherical aggregated particle 
which many primary particles whose mean particle diameter is 0.4 micrometer - about 5 micrometers 
condensed. Furthermore, the opening of a large number (0.2 micrometer - about 2 micrometers) as 
shown in the SEM photograph of drawing 5 was observed in this aggregated particle. 
[0024] When the magnification of SEM was increased 15000 times and observed next, it has checked 
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that the part had joined both the primary particles that constitute the aggregated particle by sintering, 
respectively. After embedding further little aggregated particles at an epoxy resin, the microtome cutting 
machine which has a diamond cutter cut the aggregated particle, and the aggregated particle section was 
exposed. When the exposed section was observed in SEM like the above at 2500 times, as shown in the 
SEM photograph of drawing 6 , the crevice was accepted between the minute primary particles which 
constitute the aggregated particle, but a radiate organization like the above mentioned example did not 
exist. 

[0025]The heavy load characteristic of the obtained cobalt-acid-lithium aggregated particle was 
measured by the same method as an example. Although the charge-and-discharge profile obtained by the 
charge 1C of the independent aggregated particle of the positive active material obtained by the 
comparative example and the discharge 10C was shown in drawing 7 , very big excess voltage was 
observed also in discharge of IOC. 

[0026] Although the positive active material for nonaqueous electrolyte secondary cells in this invention 
becomes the real target which used lithium and cobalt as the main ingredients from LiCo0 2 , The 

material which replaced a part of Co with other metal for the purpose of the fall of the stability of a 
crystal, and electrical conductivity or a manufacture price, If the positive active material which 
specifically replaced less than 40 mol % of Co with one sort or two sorts or more of metal selected from 
nickel, Mn, aluminum, zetan, Mg, Ca, Ti, Fe, and Sn also takes the gestalt of this invention, the effect of 
improving the heavy load characteristic is realizable. 

[0027]The positive active material for nonaqueous electrolyte secondary cells concerning this invention 
consists of an almost spherical aggregated particle where many primary particles in the range whose 
mean particle diameter is 0.4 micrometer - 10 micrometers condense and which is in the range whose 
mean particle diameter is 2 micrometers - 30 micrometers so that clearly from the above example and 
comparative example, And at least a part of minute primary particle which constitutes the aggregated 
particle is radiately located in a line toward the method of outside from the center of an aggregated 
particle, And since it has a crevice between the minute primary particle radiately located in a line and the 
adjoining minute primary particle similarly radiately located in a line, in order that an electrolysis 
solution may permeate the inside of an aggregated particle efficiently and may spread even round all the 
corners of a primary particle, At the time of a heavy load, it is small, a discharge characteristic is large, 
and excess voltage acts as Kougami. 

[0028] On the other hand, in the structure where how for the primary particle inside an aggregated 
particle to be located in a line like a comparative example is irregular, or the crevice is intercepted by 
particles, the big excess voltage at the time of a heavy load was accepted. Although this cause is not 
certain, when an electrolysis solution permeates an inside, it is considered with having become strong 
resistance and the excess voltage at the time of a heavy load having become large. 
[0029]the aggregated particle of the positive active material for nonaqueous electrolyte secondary cells 
in this invention from it being [ whose mean particle diameter is 4 micrometers - 30 micrometers ] 
spherical (or — almost ~ an ellipse — spherical) mostly. Tap density is also high, and since it excelled 
also in the spreading nature at the time of electrode production and the primary particle has sintered the 
part mutually further, the electrical resistance between primary particles is low, and since an aggregated 
particle is not crushed when producing an electrode, a primary particle does not drop out of a charge 
collector. The nonaqueous electrolyte secondary cell produced using this cobalt acid lithium as positive 
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active material was excellent in the discharge characteristic at the time of a heavy load. 
[0030] 

[Effect of the Invention]It becomes possible [ the rechargeable battery using the positive active material 
for nonaqueous electrolyte secondary cells and this concerning this invention ] to raise service capacity 
and the heavy load characteristic as stated above, and it becomes possible to provide the nonaqueous 
electrolyte secondary cell outstanding by this. 



[Translation done.] 
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